Overweight and obesity are public health problems all over the world because of their devastating social, economic, and health consequences, and they coexist with undernutrition in developing countries. Yet, there are few data on the magnitude of these problems in Nigeria.
Introduction
The increasing prevalence of overweight and obesity has continued to dominate both national and international discussions in recent times. Overweight and obesity are emerging as major risk factors for chronic diseases in adults [1] . The last quarter of the 20th century has seen childhood obesity emerging as an epidemic in developed countries and a cause of concern worldwide [2] . At least 155 million school-aged children are said to be overweight or obese [3] . Obesity in childhood causes a wide range of complications and increases the risk of premature illness and death later in life [4] . According to the World Health Organization (WHO)/Food and Agriculture Organization (FAO) [5] , 60% of children who are overweight have at least one additional risk factor for cardiovascular diseases, such as hypertension or hyperinsulinemia, while obese children are at increased risk for type 2 diabetes, which was previously considered an adult disease.
The term "Western chronic disease" or "disease of affluence" was formerly used to describe overweight and obesity and their associated problems [6] ; however, recent reports have shown that overweight and obesity are now dramatically on the increase in low-and middle-income countries. A disturbing increase in the prevalence of overweight among preschool children in India, Mexico, Nigeria, and Tunisia over the past 20 years was reported by de Onis and Blossner [7] . Wang and Lobstein [8] reviewed the world trends in childhood obesity in 25 countries for the school-aged population and in 42 countries for the preschool population and observed that the prevalence of childhood overweight had increased in almost all countries for which data were available. These dramatic increases in overweight and obesity have been attributed to the nutrition transition: a departure from a traditional diet toward a Western diet with high intakes of saturated fat, sugar, and refined carbohydrates and low fiber intake, together with a sedentary lifestyle due to urbanization and technological advances [9, 10] .
Studies have also shown the coexistence of undernutrition and overnutrition, the latter manifesting as overweight and obesity. The coexistence of these conditions has been referred to as the "double burden of malnutrition, " where there is concurrent undernutrition and stunting among young children and overweight and obesity among older children, adolescents, and adults within the same population [10] [11] [12] . This emerging public health problem leads to increased childhood mortality or higher risk of chronic disease later in life [10] . According to Caulfield et al. [13] , childhood malnutrition diminishes adult intellectual ability and work capacity, causing economic hardship for individuals and their families. It also leads to poor school readiness and performance, resulting in fewer years of schooling, reduced productivity, and early childbearing. Early malnutrition also increases the risk of numerous chronic diseases later, leading to high adult healthcare costs [13] .
Childhood and adolescence are critical periods for the development of obesity associated with the imbalance between energy consumed and expended through physical activity [14] . However, there are relatively few large-scale reports from developing countries on the prevalence of overweight and obesity among children and adolescents. The calculated global prevalence of overweight (including obesity) in children and adolescents 5 to 17 years of age was estimated by the International Obesity Task Force (IOTF) to be 10% [15] . In Africa, Cole et al. [16] and the IOTF [17] showed the prevalence of obesity and overweight to be 0.1% and 1.2% for males and 0.3% and 1.4% for females 5 to 17 years old, respectively. Owa and Adejuyigbe [18] found that 18% of children and adolescents 5 to 15 years old from a relatively privileged section of Nigerian society were obese. The Nigerian Food Consumption and Nutrition Survey (2001-03) reported the prevalence of overweight among adult women to be 19.6% [19] . The aim of this study was therefore to generate muchneeded data on the prevalence of overweight, obesity, and thinness among Nigerian school-aged children and adolescents.
Methods
A school-based, cross-sectional study was conducted on 1,599 school-aged children and adolescents of both sexes. Four major urban towns (Lagos, Port Harcourt, Nsukka, and Aba) were purposively selected.
Lagos is the former capital of Nigeria, the largest commercial city in Nigeria, and one of Africa's fastestgrowing cities. It is a cosmopolitan city and has the greatest concentration of manufacturing and service industries owing to the advantages offered by a seaport and international airport. Lagos is highly congested, and hence there has been vigorous suburban development and intense competition for sites between industry, housing, commerce, and public utilities.
Port Harcourt is the capital of River State and is Nigeria's most significant city because of the large crude oil and refined petroleum investments, which has led to an influx of people from different parts of Nigeria as well as expatriate multinationals. It inhabitants are mainly civil servants, traders, contractors, artisans, and oil company workers.
Nsukka is one of the major urban towns in Enugu State and also the Nsukka local government headquarters. It is known mostly as a university town, as it plays host to the University of Nigeria, Nsukka, the first indigenous Nigerian university. The population of Nsukka is made up mainly of teachers, traders, civil servants, farmers, and recently bank workers.
Aba is a major commercial center in Abia State, southeastern Nigeria, with numerous medium-and small-scale enterprises and a number of sizeable markets, including the Ariaria market. It is densely populated and has a relatively unhealthy and dirty environment, where people live alongside heaps of garbage (personal observation). The major economic activity in Aba is trading, and other residents include civil servants and teachers. A common feature is that all the locations play host to several tertiary institutions (e.g., Colleges of Education, Polytechnics, and Universities).
The selected schools included students from different socioeconomic groups. In three of the towns (Aba, Nsukka, and Port Harcourt), two schools were randomly selected from the list of schools obtained from the education commission; one was a public school catering for students from low-income families, and one was a private school for students from middleincome families. In Lagos, the two randomly selected schools catered for the very high-income group. The schools had both primary and secondary arms. A class was made up of about 30 children or adolescents. Every third child was randomly picked from the class register. The number of children and adolescents picked in each school depended on the size of the school.
Informed consent
Since the study did not involve feeding the children and adolescents or collecting blood samples, the researchers visited the headmasters, headmistresses, principals, or proprietors of the selected schools to discuss the objectives and significance of the study and obtain permission to carry out the study. The school authorities gave approval after discussions with Parent-Teacher Association representatives. The students were also informed orally about the study and asked to discuss it with their parents in order to obtain approval to participate in the study. Only those students who were willing participated in the study. All measurements were taken during free or break periods so as not to disrupt academic activities.
Data collection methods

Questionnaire
The major data collection instrument was a validated and pretested questionnaire. The constructed questionnaires were given for content validation to nutritionists and dieticians in the Department of Home Science, Nutrition and Dietetics, University of Nigeria, Nsukka, and their corrections and modifications were incorporated in the questionnaire. The questionnaire was then pretested on schoolchildren in Nsukka who were not included in the study. The questionnaire was used to obtain background information on the children and adolescents and their parents' socioeconomic status. Information was also obtained on the subjects' food habits, anthropometric measurements, and activity patterns, including time spent watching television and videos and playing video games. Children (under 10 years) had their questionnaires completed by their parents or guardians, while older children and adolescents completed their questionnaires in school with the assistance of the research assistants. The children and adolescents had the opportunity to take the questionnaire home in order to obtain all the needed information.
Anthropometric measurements
Undergraduate and postgraduate students were trained by the researchers in data collection methods, including filling in the questionnaire and how to take the various anthropometric measurements. Weights were measured to the nearest 0.1 kg with newly purchased portable bathroom scales. To test for accuracy, the scales were checked by placing items of known weight on them after every 10 measurements. They were also regularly checked and adjusted to zero after each measurement. The children and adolescents were weighed wearing minimum clothing and without shoes. Heights were measured with a height meter placed on a level ground. The subjects stood upright on bare feet, with heels together, and buttocks and back touching the meter rule. Heights were recorded to the nearest 0.1 cm. Single measurements were taken in each case. The weights and heights of the children and adolescents were measured by approved methods [20] .
Ages as reported by the children and adolescents were confirmed from the school registers.
The body mass index (BMI) was calculated by the formula weight (kg)/height (m) 2 . The recently developed and published BMI cutoff points for defining overweight, obesity, and thinness in 2-to 18-year-old children and adolescents, which are linked to the adult health-related BMI cutoff points of 25 kg/m 2 for overweight, 30 kg/m 2 for obesity [16] , and 16, 17, and 18.5 kg/m 2 for thinness [21] , were used to classify the children and adolescents. Thinness grades at 18 years are defined as follows: grade 1, BMI 17 to < 18.5 kg/m 2 ; grade 2, BMI 16 to < 17 kg/m 2 ; grade 3, BMI < 16 kg/m 2 .
Statistical analysis
Data from the questionnaires were coded and entered into the computer using SPSS, version 12. The data were analyzed with descriptive statistics (frequencies, percentages, means, and standard deviations). Crosstabulations and chi-square analysis were used to examine the relationship between the variables in order to describe the problem or identify possible explanations. Significance was accepted at p < .05.
Results
There were almost equal numbers of male (796 [49.8%]) and female (803 [50.2%]) subjects in the study population. There were 893 adolescents (55.8%) 10 to 18 years of age and 706 younger children (44.2%) 5 to 9 years of age (table 1). Table 2 shows that the fathers of these children and adolescents were mainly civil servants, highly skilled professionals, and businessmen, while the mothers were engaged in more varied occupations (civil service, skilled professions, business or trading, and teaching). The total family income (the father's plus the mother's income) was reported by 822 (51.4%) of the respondents (table 2) . Of these, 562 (68.4%) earned less than N100,000 (US$847) per month, 205 (24.9%) earned between N100,000 and N500,000 (US$847 and US$4,237) per month, and 55 (6.7%) earned more than N500,000 (US$4,2379) per month (conversion rate at the time of the study: N118 = US$1). About 78% and 76% of fathers and mothers, respectively had some form of tertiary education (table 2). Figs. 1 and 2 show the mean BMI of boys and girls in relation to the IOTF BMI cutoffs for overweight, obesity, and thinness grades 1, 2, and 3. In both figures, the curves for the mean BMI are between the IOTF cutoffs for overweight and thinness. For the younger children, the curves are closer to the thinness curves (grade 1), whereas for older children and adolescents, the curves approach the overweight curves.
The mean height ranged from 115.9 ± 6.7 to 173.2 ± 9.1 cm for males and from 116.7 ± 8.8 to 165.3 ± 4.7 cm for females. The mean weight ranged from 20.5 ± 2.9 to 69.3 ± 12.8 kg for males and from 20.3 ± 3.9 to 65.7 ± 10.7 kg for females. The mean BMI ranged from 15.0 ± 1.6 to 23.9 ± 6.0 kg/m 2 for males and from 14.9 ± 1.4 to 23.5 ± 3.5 kg/m 2 for females. The prevalence rates of overweight, obesity, and thinness among the children and adolescents were 11.4%, 2.8%, and 13.0%, respectively (table 3). Pairwise comparison showed that obesity was significantly (p < .05) more prevalent among females than among males. Although there were more overweight females (12.8%) than males (9.9%), this difference was not significant (p > .05). There was no difference in the prevalence of thinness between males (13.1%) and females (13.0%).
Overweight was significantly (p = .001) more prevalent among adolescents (12.9%) than among younger children (9.5%), whereas thinness was significantly (p = .001) more prevalent among younger children (19.0%) than among adolescents (8.3%). There was no difference in the prevalence of obesity between younger children (2.8%) and adolescents (2.7%). The distribution of overweight, obesity, and thinness according to age for male and female school-aged children and adolescents (sexes combined) is shown in figure 3 . The prevalence of thinness was highest (28.6%) at the age of 7 years and then decreased substantially with increasing age. Even when the data for male and female children and adolescents were separated, the prevalence of thinness was 28.4% for males and 28.8% for females. The prevalence of overweight was highest at the age of 9 years for children (15.4%) and at 15 years for adolescents (23.1%); the prevalence of obesity was also highest for children at the age of 9 years (4.5%). For adolescents, the prevalence of obesity was generally less than 3% (range, 0.93% to 2.9%) up to the age of 16 years. The prevalence of obesity was lowest among adolescents at the age of 15 years (0.93%) and increased sharply to 15.4% at the age of 18 years.
The rates of overweight, obesity, and thinness varied significantly (p = .001) according to location (table 4) and socioeconomic status (table 5). Overweight and obesity were highest in Lagos as compared with other locations. Overweight and obesity also increased with increase in income level. We observed a high prevalence of thinness (15.5%) among children and adolescents from the highest income level. [16] . Cutoff for thinness was BMI < 18.5 kg/m 2 [21] (thinness grade 1: 17 to < 18.5 kg/m 2 ).
Discussion
The prevalence of overweight (including obesity) found in this study was higher than the global prevalence reported for Africa [15] [16] [17] , whereas the prevalence of thinness was lower than the average prevalence reported by Best et al. [22] for both Africa and South-East Asia. These findings could be attributed to the fact that this study was conducted in urban areas of Nigeria. Several studies have shown that urban children generally have a better nutritional status than their rural counterparts [23] [24] [25] . This has been attributed to the cumulative effect of a series of favorable environmental and socioeconomic conditions, which make these children better cared for [24] . Nevertheless, the prevalence of overweight and obesity observed in this study was very high relative to previous data [16, 17] . Lobstein et al. [15] noted that Thailand, Iran, Nigeria, and Brazil reported unprecedented levels of obesity with trends that were substantially rising every year. This high prevalence could also be attributed to the urban residence of the population. According to Ruel and Garret [26] , although urbanization can bring about positive improvements in children's diets, it can also bring a number of unhealthy diet changes, such as increased consumption of saturated and trans fats, sugar, salt, and processed foods that contain excessive amounts of these components. This, coupled with more sedentary lifestyles, could have contributed to the dramatic rise in the prevalence of overweight and obesity. BMI, body mass index a. Age-and sex-specific cutoff points extrapolated from adult BMI cutoffs at 25 kg/m 2 for overweight and 30 kg/m 2 for obesity [16] . Cutoff for thinness was BMI < 18.5 kg/m 2 [21] (thinness grade 1: 17 to < 18.5 kg/m 2 ). BMI, body mass index a. Age-and sex-specific cutoff points extrapolated from adult BMI cutoffs at 25 kg/m 2 for overweight and 30 kg/m 2 for obesity [16] . Cutoff for thinness was BMI < 18.5 kg/m 2 [21] (thinness grade 1: 17 to < 18.5 kg/m 2 ). b. Conversion rate at the time of the study: N118 = US$1.
The prevalence of overweight and obesity was similar to the prevalence of thinness, indicating that overnutrition coexists with undernutrition in urban Nigeria and probably in the same magnitude among urban schoolaged children and adolescents. This double burden of malnutrition has several implications, as noted earlier [1, 4, 5, 13] , as well as implications for policy and program planning and implementation.
Owa and Adejuyigbe [18] reported higher levels of obesity compared with this study among Nigerian children and adolescents aged 5 to 15 years. They sampled relatively privileged children and adolescents, while our study cuts across different socioeconomic groups. The high prevalence of overweight and obesity that we found in Lagos is probably a function of location, type of school, and socioeconomic status. Attendance at public or private schools [27] and child's area of residence [28] have been used as proxies for socioeconomic status. Lagos has schools for the elite that are not commonly found in other parts of the country.
The high prevalence of thinness in Aba could also be a function of location. Aba is one of the largest commercial cities in southeastern Nigeria, where the major occupation of the inhabitants is trading. It is also known for its unsanitary environment. Anwer and Awan [23] noted that health and nutrition problems are the result of unsatisfactory food intake, severe and repeated infections, or a combination of both and are closely linked to inadequate health services and an unhealthy environment. It is a common practice for children and adolescents to come back from school and then go to the markets to assist their parents or guardians in their trading activities (personal observation), thus reducing the number of hours spent by children and adolescents and their parents or guardians at home to eat nutritious home-cooked meals. This situation, combined with infections resulting from poor environmental sanitation, could have contributed to the high prevalence of undernutrition in these children and adolescents.
We also observed a higher prevalence of thinness among children and adolescents whose parents belonged to the highest income stratum. It is possible that these children and adolescents were more exposed to the media and were more conscious of their weight. Murnen et al. [29] reported that the media objectified female and male bodies, promoting a "thin ideal" in women and "muscularity" in men. Media exposure has been shown to affect body dissatisfaction, eating disorder symptomatology, and weight-loss behavior among adolescents and young adults. The higher the media exposure, the higher the body dissatisfaction and weight loss behavior scores [30] .
Although there was a low response rate to the question on the income level of parents, we still observed a significant relationship between BMI and income levels. Experiences in field studies have shown that Nigerians are reluctant to disclose their income (personal observation), hence the low response rate. Similar observations have been reported elsewhere for income and education [31] .
The high literacy rate of the study population was again a function of location; urban areas usually have high concentrations of educated people. These inhabitants also take advantage of the many tertiary institutions to acquire additional qualifications. However, education was not used as a proxy, since unemployment and underemployment are serious problems in Nigeria at the moment.
The higher prevalence of overweight and obesity among girls than among boys is similar to the findings of other studies in Tehran, Iran, [32] , Spain [33] , and Qatar [34] . However, some studies have found a higher prevalence among boys [18, 35, 36] . According to Srivastava et al. [37] , the disparities in findings of prevalence of overweight and obesity in boys vs. girls are due to differences in study frame, family setups, gender bias, and parental preferences for male children. Furthermore, there was no difference in the prevalence of underweight between boys and girls in our study. It would appear that the girls in this study had more access to food. In Latin America and the Caribbean, it was reported that boys aged six to nine in general spent more time outside the home than girls, and thus proximity to the household may allow girls better physical access to available food [38] . Differences between boys and girls in physical activity and energy expenditure may also have contributed to the lower prevalence of overweight and obesity among the boys. It has been shown that in high-income societies, physical activity tends to diminish during adolescence, particularly among girls [39] ; however, this needs further investigation in the Nigerian setting.
In India, Chhatwal et al. [2] found a significant age-related decrease in the prevalence of obesity from 18.5% at 9 years to 7.6% at 14 years and thereafter a rise to 12.1% at 15 years. A similar observation was made in this study. The rate of obesity was highest at 9 years and then decreased to 0.9% at 15 years and increased again thereafter. However, the sharp increases at 17 and 18 years must be interpreted with caution because of the small numbers of subjects in these age categories, since most adolescents between the ages of 16 and 18 years have left school. Although the rate of obesity decreased at 15 years, the rate of overweight among adolescents was highest at this age and was highest at 9 years among school-aged children. For Nigerian children and adolescents, the ages of 9 and 15 years appear to be critical, indicating that intervention should be targeted at these ages. Although it is generally accepted that the key interval for effective intervention is from preconception through the first years of life, it is also essential to promote optimal dietary practices and physical activity throughout childhood and adolescence [40] . This is the period when children and adolescents are in school, and also it corresponds with the development of secondary sexual characteristics and behavioral patterns, which include eating patterns and self-care. At this time, personal preferences take precedence over eating habits learned at home as children progressively take control over what they eat and where and how they eat [41] .
The high prevalence (20% or more) of thinness between the ages of 5 and 8 years, and particularly at 7 years, is also significant, indicating the high prevalence of undernutrition among schoolchildren in Nigeria. A longstanding assumption has been that by school age a child has survived the most critical period and so is no longer vulnerable [22, 38] . This has led to the neglect of this group by researchers, healthcare professionals, and caregivers [22] . The findings of this study call for special intervention for this age group. A study in the Philippines showed that some catch-up growth is feasible between 2 and 81/2 years for children who were not born with low birthweight or severely stunted in infancy [38] ; thus any intervention at this stage could still make some significant impact. The level of undernutrition found among the adolescents in this study is comparable to that reported by Bener [35] for Qatari adolescents. These findings suggest a need for nutrition interventions targeted at this group.
Conclusions
This study has established that in Nigeria overweight and obesity have become public health problems and coexist in equal magnitude with undernutrition. These three conditions (overweight, obesity, and underweight) were found to be subject to location and socioeconomic factors. This study has further highlighted the vulnerability of school-aged children and adolescents, contrary to longstanding assumptions [38] . Thinness appeared to be the problem of children between 5 and 8 years of age, whereas overweight was the problem at 9 and 15 years of age. These findings have serious implications for policy and planning of nutrition intervention programs for school-aged children and adolescents in Nigeria. In order to tackle the double burden of malnutrition, establishment of healthy eating habits at a young age is critical. Therefore, a comprehensive school-based health and nutrition intervention program is highly recommended. In situations where resources are limited, school feeding programs should be targeted at younger children. A nationwide study to determine the national magnitude and ethnic variations of malnutrition is imperative. The limitations of this study include incomplete data on income and single measurements, which may have introduced some measurement errors. However, we believe that this study has made a significant contribution in providing much-needed data on the prevalence of overweight, obesity, and thinness among Nigerian urban school-aged children and adolescents.
